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,QWURGXFWLRQ
%HFDXVH RI WKH UDSLG JURZWK LQ LQGXVWULHV DQG WKH LPSRUWDQW SODFH RI HQHUJ\ LQ RXUPRGHO OLIHVW\OH WKHZRUOG
GHPDQG RI HQHUJ\ FRQWLQXHV WR LQFUHDVH8VLQJ FRQYHQWLRQDO HQHUJ\ UHVRXUFHV KDV D JUHDW XQGHVLUDEOH LPSDFW RQ
HQYLURQPHQW JUHHQKRXVH HIIHFW DQG VHFXULW\ QXFOHDU DFFLGHQWV 7KHUHIRUH LW LV YHU\ LPSRUWDQW WR LQYHVW LQ
DOWHUQDWLYHHQHUJ\UHVRXUFHV5HQHZDEOHHQHUJLHVDUHWKHEHVWVROXWLRQIRURXUKHDOWKDQGWKHKHDOWKRIRXUHDUWKLWLV
FHUWDLQO\RQHRIWKHIXWXUHPDLQHQHUJ\VRXUFHV39V\VWHPVDUHRQHRIHQHUJ\UHQHZDEOHVRXUFHVWKHDQQXDOJURZWK
RI39LQGXVWU\UDWHKDVEHHQPRUHWKDQIRUWKHODVWGHFDGH>@DQGWKH39SULFHVDUHGHFOLQLQJ7KH,QWHUQDWLRQDO
(QHUJ\$JHQF\SURMHFWVWKDWVRODUSRZHUFRXOGSURYLGHDWKLUG´RIWKHJOREDOILQDOHQHUJ\GHPDQGDIWHU>@
%XW WKLV VRXUFH RI HQHUJ\ KDV D OLWWOH SRZHU UDWH DQG LW FKDQJHV ZLWK DWPRVSKHULF FRQGLWLRQV LUUDGLDQFH DQG
WHPSHUDWXUHVRWRLPSURYHWKHUDWHDQGRSWLPL]HWKLVVRXUFHLWLVYHU\LQWHUHVWLQJWRPDNH39V\VWHPVZRUNLQJZLWK
WKHLU RSWLPDO HIILFLHQF\ VRZLWK WKHLUPD[LPXP SRZHU WKLV LV WKH REMHFWLYH RI0D[LPXP 3RZHU 3RLQW 7UDFNLQJ
0337
7KHUHDUHPDQ\PHWKRGVRI0337>@EXW LQ WKLVSDSHUZHPDNHFRPSDULVRQEHWZHHQ$*VPHWKRGZLWK WKH
WZRFRQYHQWLRQDOPHWKRGV3HUWXUEDQG2EVHUYH 3	2DQG ,QFUHPHQWDO&RQGXFWDQFH ,QF&RQG >@7KH WZR
DOJRULWKPVXVHWKH39FXUYHWRJLYHWKH0337VHDUFKGLUHFWLRQE\LQFUHPHQWLQJGHFUHPHQWLQJWKHDUUD\YROWDJHRU
GHFLQFGXW\F\FOHWKH\XVHGLIIHUHQWWHFKQLTXHVREVHUYHLIWKHRSHUDWLQJSRLQWLVOHIWRUULJKWRIWKH033
7KHVHDOJRULWKPVJLYHJRRGUHVXOWVDQGDUHZLGHO\XVHG LQ0337EXW WKH\SUHVHQW WKHGUDZEDFNRIRVFLOODWLQJ
DURXQGWKH033DQGGLIILFXOW\WRDGMXVWWKHVHDUFKVWHS,QDGGLWLRQWRFRQYHUJHWRDORFDORSWLPXP
%\PD[LPL]LQJD ILWQHVV IXQFWLRQZLWK*$VEDVHG0337ZHFDQREWDLQD VROXWLRQ WR WKHSHUWXUEDWLRQVHIIHFW
DURXQG WKH033 6R ZLWK WKH SURSRVHG DOJRULWKP WKH033 LV RQO\PRYLQJ WR JHW PRUH SRZHU WKH RVFLOODWLRQV
SUREOHP DURXQG WKH033 LVPLQLPL]HG7KLV0HWKRGJLYHV RSWLPDO FXUUHQW ,PS FXUUHQW DWPD[LPXPSRZHU E\
PHDVXULQJWKHVKRUWFLUFXLWFXUUHQW,VFDQGRSHQFLUFXLWYROWDJH9RF7KHSURSRVHGDOJRULWKPFDQHIILFLHQWO\IROORZ
WKHYDULDWLRQRILUUDGLDQFHDQGWHPSHUDWXUHFOLPDWLFFRQGLWLRQVDQGQRW39HYROXWLRQFXUYH
:LWK*$V WKH VROXWLRQ GRHVQ¶W GHSHQG RQ LQLWLDO FRQGLWLRQV EHFDXVH WKLVPHWKRGZRUNVZLWK D SRSXODWLRQ RI
LQGLYLGXDOVUDQGRPO\JHQHUDWHGDQGFKRRVHVWKHEHVWRQHVVRVHDUFKLQJIRUWKHUHDOPD[LPXPSRLQWDQGQRWIRUWKH
QHDUHVWRQH
0337ZLWK3	2
3	2DOJRULWKP>@RSHUDWHVE\SHULRGLFDOO\SHUWXUELQJLHLQFUHPHQWLQJRUGHFUHPHQWLQJWKHDUUD\WHUPLQDO
YROWDJHDQGFRPSDULQJWKH39RXWSXWSRZHUDQGYROWDJHYDOXHVZLWKWKHSUHYLRXVSHUWXUEDWLRQF\FOHYDOXHV,IWKH
39RXWSXWSRZHULVLQFUHDVLQJWKHSHUWXUEDWLRQZLOOFRQWLQXHZLWKWKHVDPHGLUHFWLRQLQWKHQH[WF\FOHRWKHUZLVHWKH
SHUWXUEDWLRQGLUHFWLRQZLOOEHUHYHUVHGZHFDQZULWH
x ߂ܲ ൐ Ͳ ՜&RQWLQXHVFKDQJLQJZLWKWKHRULJLQDOGLUHFWLRQ
x ߂ܲ ൏ Ͳ ՜&KDQJHVWRWKHRSSRVLWHGLUHFWLRQ
x ߂ܲ ൌ Ͳ ՜'RHVQ¶WFKDQJHWKHRUHWLFDOFDVH
:HFUHDWHD6LPXOLQNEORFNIRUWKHFRQYHQWLRQDO3	2DOJRULWKP>@ZLWKDQHPEHGGHGIXQFWLRQ
7KHYDULRXV3	2DOJRULWKPVDUHZLGHO\XVHG LQ0337EHFDXVHRI WKHLU VLPSOH VWUXFWXUHDQG WKH IHZUHTXLUHG
PHDVXUHGSDUDPHWHUV7KHUHIRUHZKHQWKH033LVUHDFKHGWKH3	2DOJRULWKPZLOORVFLOODWHDURXQGLWUHVXOWLQJLQD
ORVVRI39SRZHU:HFDQUHGXFHWKHSRZHUORVVDURXQGWKH033E\GHFUHDVLQJWKHSHUWXUEDWLRQVWHSKRZHYHUWKH
DOJRULWKPZLOOEHVORZLQIROORZLQJWKH033ZKHQWKHDWPRVSKHULFFRQGLWLRQVVWDUWWRYDU\DQGPRUHSRZHUZLOOEH
ORVW
$OVRLQUDSLGO\FKDQJLQJDWPRVSKHULFFRQGLWLRQVWKH3	2DOJRULWKPFDQGHYLDWHIURPWKH033VRPHWLPHVHYHQ
WDNLQJDZURQJGLUHFWLRQ:HFDQREVHUYHWKLV LQ)LJ :KHQVHDUFKLQJIRU033DQGZHDUH LQSRLQWaJRLQJ
ULJKWLIDWPRVSKHULFFRQGLWLRQVGRQRWFKDQJHZHZLOOEHLQbDQGWKHRXWSXWSRZHULQFUHDVHV߂ܲ ൐ ͲVRZHDUH
VWLOOJRLQJULJKWEXWLIWKHRXWSXWSRZHUGHFUHDVHV߂ܲ ൏ ͲE\LUUDGLDQFHGHFUHDVLQJWKHRSHUDWLQJSRLQWLVORFDWHG
LQcWKHVHDUFKLQJGLUHFWLRQFKDQJHVDQGZHJRDZD\IURPWKH033


774   Slimane Hadji et al. /  Energy Procedia  74 ( 2015 )  772 – 787 

















)LJ 5DSLGO\FKDQJLQJDWPRVSKHULFFRQGLWLRQVLQ3	2
0337ZLWK,QF&RQG
7KHEDVLF LGHDRI WKLVPHWKRG >@ LV WKDW WKHDUUD\ WHUPLQDOYROWDJHDOZD\VDGMXVWHGDFFRUGLQJ WR LWVYDOXH
UHODWLYHWRWKH033YROWDJH
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:HFDQVD\WKDWWKH033RID39FDQEHWUDFNHGE\FRPSDULQJWKHLQFUHPHQWDODQGLQVWDQWDQHRXVFRQGXFWDQFHV
ሺ݀ܫȀܸ݀ሻDQGܫȀܸሻRIWKH39DUUD\
7KLVDOJRULWKPJLYHVWKHUHDOVHDUFKGLUHFWLRQRI033DQGFDQIROORZUDSLGO\WKHYDU\LQJDWPRVSKHULFFRQGLWLRQV
EXW LW SUHVHQWV RVFLOODWLRQV DURXQG WKH 033 DQG VHQVLWLYLW\ WR WKH SHUWXUEDWLRQV EHFDXVH RQH FDQ WU\ WR REWDLQ
݀ܲȀܸ݀ ൌ Ͳ 6R D VPDOO XQGHVLUDEOH SHUWXUEDWLRQ FDQ PRYH DZD\ IURP 033  2Q WKH RWKHU KDQG LQFUHPHQWDO
FRQGXFWDQFHPHWKRGSUHVHQWVGLIILFXOWLHVWRDGMXVWWKHVWHS7KHVL]HRIWKHVWHSZLOOGHWHUPLQHWKHWUDFNLQJVSHHG
ZKHQ WKHVWHSVL]H LV ODUJH WKHV\VWHPUHVSRQVH LV IDVWEXW WKHVRODUV\VWHPPD\ZRUNDURXQG WKHUHDOPD[LPXP
SRZHUSRLQWDQGFDXVHRVFLOODWLRQVOLNH3	2PHWKRG
:HDOVRFUHDWHGD0DWODEHPEHGGHGIXQFWLRQIRU,QF&RQGDOJRULWKPDQGLQVHUWHGLWLQDVLPLODUDUFKLWHFWXUHRI
WKH3KRWRYROWDLF39V\VWHPVRWKHWKUHHPHWKRGVFDQEHFRPSDUHG
*$VEDVHG0337
4.1. The proposed method 
*$VLVDQRSWLPL]DWLRQVWRFKDVWLFDOJRULWKPEDVHGRQQDWXUDOJHQHWLFVHOHFWLRQ>@LWVSULQFLSDODGYDQWDJHV
x ,WXVHVLWVFRGHVLQVWHDGRISDUDPHWHUV
x ,WGRHVQRWZRUNZLWKDSRLQWEXWZLWKDSRSXODWLRQRISRLQWV
x ,WMXVWQHHGVIXQFWLRQYDOXHVDQGGRHVQRWKDYHWRFDOFXODWHDQ\RWKHUYDOXHIRULQVWDQFHGLIIHUHQWLDO
7KHVWHSVRI*HQHWLF$OJRULWKPVDUH
a. Initialization:   
$W ILUVWZHVKRXOGFUHDWH D UDQGRPSRSXODWLRQZLWKܰ݅݊݀ELQDU\ LQGLYLGXDOVZLWKD FKRLFHRI WKH OHQJWK ELWV
QXPEHU ܵ  SUHFLVLRQ $ SRSXODWLRQ LV D ELQDU\ PDWUL[ ZKHUH WKH QXPEHU RI URZV UHSUHVHQWV WKH QXPEHU RI
LQGLYLGXDOVDQGFROXPQQXPEHUUHSUHVHQWVWKHOHQJWKRILQGLYLGXDOV7KHSRSXODWLRQLVIRUPHGE\FHOOFXUUHQWVWKDW
PLJKWJLYHWKHPD[LPXPSRZHU
݌݋݌ݑ݈ܽݐ݅݋݊ሺܫሻ ൌ ൥
ڮ
ڭ ڰ ڭ
ڮ
൩


b. Evaluation:  
,WLVDYHU\LPSRUWDQWVWHSEHFDXVHLWJLYHVWKHFKDQFHRIDQLQGLYLGXDOWREHVHOHFWHGWKHHYDOXDWLRQLVJLYHQE\
WKHYDOXHRILQGLYLGXDOVILWQHVVIXQFWLRQ,WLVDSRVLWLYHIXQFWLRQDQGWKHLQGLYLGXDOLVRSWLPXPIRUPD[LPXPYDOXH
RILWVILWQHVVIXQFWLRQYDOXHLQRXUFDVHWKHILWQHVVIXQFWLRQLVVLPSO\EDVHGRQSRZHU
ܲ ൌ ܸǤ ܫ  
$QLQGLYLGXDOFXUUHQWLVPRVWLPSRUWDQWLIWKHFRUUHVSRQGLQJSRZHULVELJJHU
7RHYDOXDWHDQLQGLYLGXDOZHXVHWKHRQHGLRGHFHOOPRGHOVKRZQE\WKHFLUFXLWLQ)LJ>@ZKHUHܴݏDQG
ܴ݌DUHUHVSHFWLYHO\VHULHVDQGSDUDOOHOUHVLVWDQFHVRIWKHFHOO


)LJ (TXLYDOHQWFLUFXLWRIVRODUFHOOZLWKVLQJOHGLRGH
,
,G 9,SK
56
5S
1LQGLQGLYLGXDOV
6ELWV
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8VXDOO\WKHYDOXHRIܴ݌LVYHU\ODUJHVRWKHHTXDWLRQIRUWKHRXWSXWFXUUHQWFDQEHJLYHQE\
ܫ ൌ ܫ௣௛ െ ܫௗ
 
:LWK
ܫௗ ൌ ܫ௥௦ ቂ݁ݔ݌ ቀ
ݍ
݇ܶܣ
ሺܸ ൅ ܴ௦ܫሻቁ െ ͳቃ
 
:KHUH ܫ  2XWSXW FXUUHQW $ ܸ  2XWSXW 9ROWDJH 9 ܫௗ  &XUUHQW WKURXJK WKH LQWULQVLF GLRGH ܫ௣௛  &HOO
SKRWRFXUUHQWܫ௥௦&HOOUHYHUVHVDWXUDWLRQFXUUHQWݍ7KHFKDUJHRIDQHOHFWURQ݇%RO]PDQQ¶VFRQVWDQWܣ7KHSQ
MXQFWLRQ LGHDOLW\ IDFWRUܶ  &HOO WHPSHUDWXUH  ௢ܸ௖  2SHQFLUFXLW YROWDJH ܫ௦௖  6KRUWFLUFXLW FXUUHQW ܴௌ  6HULHV
UHVLVWDQFHVRIWKHFHOO
0DNLQJWKHDSSUR[LPDWLRQWKDWܫ݌݄ ൎ ܫݏܿEHFRPHV
ܫ ൌ ܫ௦௖ െ ܫ௥௦ ൤݁ݔ݌ ൬
ܸ ൅ ܴ௦ܫ
்ܸ
൰ െ ͳ൨
 
:LWK
்ܸ ൌ
݇ܶܣ
ݍ
 
7KHWHPSHUDWXUHLVFRQVLGHUHGE\WKHIROORZLQJHTXDWLRQV>@
ܶ ൌ ௢ܸ௖
െ ௢ܸ௖௥
ܭ௩
െ ௥ܶ
 
:LWK  ௥ܶ DQG  ௢ܸ௖௥ WKH FHOO WHPSHUDWXUH DQG RSHQ FLUFXLW YROWDJH DUH UHVSHFWLYHO\ DW VWDQGDUG WHVW FRQGLWLRQV
67& ௢ܸ௖LVWKHRSHQFLUFXLWYROWDJHDWRSHUDWLQJFRQGLWLRQVDQGܭ௩LVWKHWHPSHUDWXUHFRHIILFLHQWRI ௢ܸ௖
$WRSHQFLUFXLWܫ ൌ ͲDQGܸ ൌ  ௢ܸ௖XVLQJWKHFHOOUHYHUVHVDWXUDWLRQFXUUHQWFDQEHZULWWHQ
ܫ௥௦ ൌ
ܫ௦௖
݁ݔ݌ ቀ ௢ܸ௖்ܸ ቁ െ ͳ
 
(TXDWLRQFDQJLYHWKHH[SUHVVLRQRIWKHFHOORXWSXWYROWDJHXVLQJZHFDQZULWH
ܸ ൌ ்ܸ ܮ݊ ൤൬ͳ െ
ܫ
ܫ௦௖
൰ ൬݁ݔ݌ ൬ ௢ܸ௖
்ܸ
൰ െ ͳ൰ ൅ ͳ൨ െ ܴ௦ܫ
 
)LQDOO\WKHSRZHUHTXDWLRQILWQHVVIXQFWLRQFDQEHJLYHQ
ܲ ൌ ൬்ܸ ܮ݊ ൤൬ͳ െ
ܫ
ܫ௦௖
൰ ൬݁ݔ݌ ൬ ௢ܸ௖
்ܸ
൰ െ ͳ൰ ൅ ͳ൨ െ ܴ௦ܫ൰ Ǥ ܫ
 
8VLQJWKLVHTXDWLRQSRZHUILWQHVVIXQFWLRQLVFDOFXODWHGIRUHDFKLQGLYLGXDOWKLVYDOXHZLOOEHXVHGLQJHQHWLF
RSHUDWLRQVWRFUHDWHDQRYHOSRSXODWLRQDQGWKLVRQHZLOOEHLQVHUWHGLQWKHSRSXODWLRQRISDUHQWVDFFRUGLQJWRWKHLU
ILWQHVVIXQFWLRQ
c. Genetic operations 
7KH\DUHWKHEDVHRI*$VWKH\GRQRWH[FOXGHSUREDELOLW\WKHRULHVEXWWKH\JLYHYHU\LQWHUHVWLQJUHVXOWVWKHVH
RSHUDWLRQVDUH
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6HOHFWLRQ7RVHOHFWZLWKDUDWH ௦ܶ௘௟DSDUWRIWKHSRSXODWLRQFRUUHVSRQGLQJWRWKHRSWLPXPILWQHVVIXQFWLRQ
7KHVHOHFWLRQPHWKRGXVHGLVµILWQHVVSURSRUWLRQDWHVHOHFWLRQ¶DOVRFDOOHGURXOHWWHZKHHOVHOHFWLRQVRLQD
SRSXODWLRQZLWK ௜ܰ௡ௗLQGLYLGXDOVDQGLI ௜݂LVWKHILWQHVVRIDQLQGLYLGXDO݅LWVSUREDELOLW\RIEHLQJVHOHFWHGLV
݌௜ ൌ
௙೔
σ ௙ೕ
ಿ೔೙೏
ೕసభ

&URVVRYHU&URVVSDLUVRI LQGLYLGXDOV SDUHQWV WRJHW WKHQRYHORQHVFKLOGUHQZLWK ௥ܶ௖௠SUREDELOLW\ WKDW
SDUHQWVKDYHFKLOGUHQ
0XWDWLRQ$IWHUFURVVRYHUZHDSSO\DPXWDWLRQ,WLVDQDORJRXVWRELRORJLFDOPXWDWLRQLWDOWHUVRQHRUPRUH
JHQHYDOXHVLQDFKURPRVRPHZLWK ௠ܲORZSUREDELOLW\WKDWDQDUELWUDU\ELWZLOOEHFKDQJHGIURPLWVRULJLQDO
VWDWHܾ݅ݐ ՚ ܾଓݐതതതത
,QVHUWLRQ7KHQHZSRSXODWLRQZLOOEHLQWHJUDWHGWRWKHROGSRSXODWLRQWRUHSODFHLQGLYLGXDOVZLWKPLQLPXP
ILWQHVVIXQFWLRQ
d. Program termination 
([HFXWLQJSURJUDPFUHDWHVQHZEHVWLQGLYLGXDOVWKHSURJUDPWHUPLQDWHVDFFRUGLQJWRWKHLWHUDWLRQVQXPEHUVRZH
REWDLQDFRQVWDQWH[HFXWLQJWLPH
4.2. Testing of the algorithm 
)LJVKRZVWKHIORZFKDUWRI WKHDOJRULWKPYDULDEOH ௚ܰ௘௡UHSUHVHQWV WKHQXPEHURIJHQHUDWLRQVUHSHWLWLRQRI
WKHORRS







)LJ )ORZFKDUWRI*HQHWLF$OJRULWKPV
8VLQJWKLVIORZFKDUWDQDOJRULWKPLVZULWWHQDVDQHPEHGGHGIXQFWLRQLQWKHMPPT_GAs6LPXOLQNEORFZLWKWKH
QHFHVVDU\0DWODEIXQFWLRQV)LJZLWKGAs_parametersDQGPV_parametersDUH*$VDQG39SDQHOSDUDPHWHUV
UHVSHFWLYHO\
)LJ 0337B*$VEORFNIXQFWLRQ
*HWDQHZFXUUHQW
SRSXODWLRQZLWK
EHWWHULQGLYLGXDOV
*HQHUDWH
UDQGRP
SRSXODWLRQ
5HDG,VF9RF
6HOHFWLRQ
&URVVRYHU
0XWDWLRQ
,QVHUWLRQ
1R
5HWXUQJHQ1JHQ *HWRSWLPDOFXUUHQW,PS
JHQ  JHQ JHQ6WDUW
<HV
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7R RSWLPL]H WKH DOJRULWKP LW ZDV WHVWHG ZLWK GLIIHUHQW JHQHWLF SDUDPHWHUV  ௦ܶ௘௟  ௥ܶ௖௠ DQG ௠ܲ QXPEHU RI
LQGLYLGXDOV ௜ܰ௡ௗDQGWKHLUOHQJWKܵSUHFLVLRQ
4.2.1.  Changing number of individuals: 
)LJDQG)LJVKRZWKHPD[LPXPSRZHUHYROXWLRQZLWKQXPEHURIJHQHUDWLRQVXVLQJDQGLQGLYLGXDOV
UHVSHFWLYHO\ZLWKܵ ൌ ͳ͸ELWV ௦ܶ௘௟ ൌ ͲǤͺ ௥ܶ௖௠ ൌ ͲǤͺ ௠ܲ ൌ ͲǤͲͳ

)LJ 0D[LPXPSRZHUHYROXWLRQXVLQJLQGLYLGXDOV

)LJ 0D[LPXPSRZHUHYROXWLRQXVLQJLQGLYLGXDOV
:KHQXVLQJLQGLYLGXDOVZHJHWWKH033DIWHUJHQHUDWLRQVEXWZKHQXVLQJLQGLYLGXDOVWKH033DSSHDUV
DIWHURQO\JHQHUDWLRQV,QDGGLWLRQWKHSRZHURIWKHILUVWJHQHUDWLRQLVRIWHQELJJHUZLWKZLGHJHQHUDWLRQ:LWKD
ELJ QXPEHU RI LQGLYLGXDOV ODUJH SRSXODWLRQ WKHPD[LPXPSRZHU LV JLYHQ LQ OHVV JHQHUDWLRQV EXW LW QHHGVPRUH
H[HFXWLRQWLPHWRGHFUHDVHLWZHVKRXOGWDNHDVPDOOQXPEHURIJHQHUDWLRQVLQWHUPLQDWLRQFRQGLWLRQ
        










;
<
*HQHUDWLRQVQXPEHU
3
RZ
HU
R
IW
KH
E
HV
WL
QG
LY
LG
XD
O
:

;
<
      







;
<
*HQHUDWLRQVQXPEHU
3
RZ
HU
R
IW
KH
E
HV
WL
QG
LY
LG
XD
O
:



;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<
 Slimane Hadji et al. /  Energy Procedia  74 ( 2015 )  772 – 787 779
4.2.2. Changing bits number:  
7KHQXPEHURIELWVܵUHSUHVHQWVWKHOHQJWKRILQGLYLGXDOVSUHFLVLRQ7KHSRZHUHYROXWLRQXVLQJܵ ൌ ʹͲDQGܵ ൌ
ͷLVVKRZQRQ)LJDQG)LJUHVSHFWLYHO\ZHFDQQRWHWKDWKLJKܵYDOXHJLYHVPRUHSUHFLVLRQSRZHUFKDQJHV
EXWQHHGVELJJHUQXPEHURIJHQHUDWLRQVZHFDQDOVRVHHPRUHSRZHUFKDQJHVGLYHUVLW\ZLWKܵ ൌ ʹͲWKDQZLWKܵ ൌ
ͷORQJHULQGLYLGXDOVKHOSDSSHDUDQFHRIQHZRQHVLWLVDJRRGWKLQJEXWWKHH[HFXWLQJWLPHLQFUHDVHV

)LJ 3RZHUHYROXWLRQZLWK6 


)LJ 3RZHUHYROXWLRQZLWK6 
      







;
<
*HQHUDWLRQVQXPEHU
3
RZ
HU
R
IW
KH
E
HV
WL
QG
LY
LG
XD
O
:

      








;
<
*HQHUDWLRQVQXPEHU
3
RZ
HU
R
IW
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E
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WL
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:

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([SHULPHQWDOUHVXOWV
7KH WHVWV DUH PDGH LQ /,$6 ODERUDWRU\ /DERUDWRLUH G
,QIRUPDWLTXH HW G
$XWRPDWLTXH SRXU OHV 6\VWqPHV RI
3RLWLHUVXQLYHUVLW\)UDQFH)LJVKRZVWKHDUFKLWHFWXUHRIWKHH[SHULPHQWDO39V\VWHPDQG)LJDSKRWRJUDSK
RIWKHH[SHULPHQWDOWHVWEHQFK
:HXVHG&RQHUJ\3RZHU3OXV33KRWRYROWDLFSDQHOV>@WZRSDQHOVDUHXVHGWRPHDVXUHܫݏܿDQGܸ݋ܿZHFDQ
XVHLQVWHDGDSLORWFHOODERRVWFRQYHUWHU'&'&LVSODFHGEHWZHHQWKH39SDQHOVDQGDUHVLVWLYHORDG
7KHREMHFWLVWRJHQHUDWHD3:0VLJQDOWRWKHERRVWLQRUGHUWRPDNHWKH39SDQHOVZRUNLQJZLWKWKHLUPD[LPXP
SRZHUDURXQGWKH033


)LJ39V\VWHPZLWK0337


)LJ7KHH[SHULPHQWDOWHVWEHQFKRIWKH39V\VWHP

'&'&
G63$&(
/RDG9SY
9RF
,VF
,SY
/RDG'&'&
G63$&(
'XW\F\FOH
ܫݏܿ
ܸ݋ܿ
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7KH DOJRULWKPV 3	2 ,QF&RQG DQG $*V DUH VHSDUDWHO\ LPSOHPHQWHG LQ WKH G63$&( XVLQJ
0DWODE6LPXOLQNVHH)LJIRU$*VPHWKRGDOOGDWDDQGUHVXOWVWHVWVDUHFROOHFWHGIURP&RQWURO'HVN

)LJ6LPXOLQNLPSOHPHQWDWLRQRI0337EDVHG*$V
39 3DQHOV DUH XVHG WR FRPSDUH WKH VWDELOLW\ RVFLOODWLRQ IRU UDSLGLW\ UHVSRQVH WLPH ZH XVHG D 39
HPXODWRU>@)LJ7KXVZHFDQLQMHFWWKHVDPHLUUDGLDQFHSURILOHDQGREVHUYHWKHSRZHUHYROXWLRQIRUHDFK
DOJRULWKP















)LJ 7KHH[SHULPHQWDOWHVWEHQFKRIWKHHPXODWRU
5.1. Testing with PV panels 
%RWK$*V3	2DQG,QF&RQGDUHLPSOHPHQWHGZLWK6LPXOLQNDWHVWLVPDGHVHSDUDWHO\IRUHDFKPHWKRGRQH
DIWHUDQRWKHUVRDVPDOOJOREDOSRZHUGLIIHUHQWFDQEHVHHQGXHWRWKHFKDQJLQJRILUUDGLDQFHOHYHOPHDVXUHPHQW
QRWDWWKHVDPHWLPH
G63$&(
&RQWURO'HVN
9SY
,SY
'63:0B%B%/
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:H PDGH WHVWV XVLQJ *$V DQG 3	2 )LJ WKHQ XVLQJ ,QF&RQG DQG $*V )LJ ZLWK GXW\ F\FOH
LQFUHPHQWοܦ ൌ ͲǤͲͳ:HFDQFOHDUO\REVHUYHOHVVSRZHURVFLOODWLRQZLWK*$VWKDQ3	2RU,QF&RQGPHWKRGVVR
ZHJHWPRUHVWDELOLW\

)LJ39SRZHUHYROXWLRQZLWK3	2DQG*$XVLQJοܦ ൌ ͲǤͲͳ

)LJ39SRZHUHYROXWLRQZLWK,QF&RQGDQG*$XVLQJοܦ ൌ ͲǤͲͳ

7KHQH[WILJXUHV)LJDQG)LJVKRZH[SHULPHQWDOWHVWVZLWKοܦ ൌ ͲǤͲʹQRWHWKHOLWWOHFKDQJLQJLQJOREDO
39SRZHUGXHWRLUUDGLDQFHFKDQJLQJEHWZHHQWHVWV:HFDQVHHKLJKHURVFLOODWLRQOHYHOZLWKοܦ ൌ ͲǤͲʹWKDQοܦ ൌ
ͲǤͲͳXVLQJ3	2DQG,QF&RQGVRPRUHSRZHURVFLOODWLRQZKLOHZLWK$*VPHWKRGWKHSRZHULVVWDEOH
          







7LPH6
3
RZ
HU
:



$*V
3	2
          







7LPH6
3
RZ
HU
:



,QF&RQG
$*V
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)LJ 39SRZHUHYROXWLRQZLWK3	2DQG*$VZLWKοܦ ൌ ͲǤͲʹ
)LJ 39SRZHUHYROXWLRQZLWK*$VDQG,QF&RQGZLWKοܦ ൌ ͲǤͲʹ
:HSUHVHQWE\ WKHQH[WILJXUHV)LJDQG)LJ WKHGXW\HYROXWLRQZLWK*$VDQG,QF&RQGPHWKRGVZLWK
οܦ ൌ ͲǤͲͳDQGοܦ ൌ ͲǤͲʹUHSHFWLYHO\ZHFDQREVHUYHWKDWGXW\F\FOHZLWK*$VLVDSSUR[LPDWHO\FRQVWDQWVRWKH
SRZHULVPRUHVWDEOH:LWKGXW\LQFUHPHQWοܦ ൌ ͲǤͲʹZHFDQLPSURYHWKHUHVSRQVHWLPHQH[WVHFWLRQRI3	2DQG
,QF&RQGPHWKRGVEXWWKHSRZHURVFLOODWLRQLVPRUHLPSRUWDQW
)LJ 'XW\F\FOHHYROXWLRQZLWK*$VDQG,QF&RQGXVLQJοܦ ൌ ͲǤͲͳ
          







7LPH6


,QF&RQG
$*V
          








7LPH6
3
RZ
HU
:



$*V
3	2
          









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6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)LJ 'XW\F\FOHHYROXWLRQZLWK*$VDQG,QF&RQGXVLQJοܦ ൌ ͲǤͲʹ
5.2. Testing with PV emulator 
$39 HPXODWRU UHDOL]HG E\.DGUL HW DO >@ LQ/,$6 ODERUDWRU\ DOORZHG XV WR GHILQH DQ LUUDGLDQFH SURILOH
FKDQJLQJ)LJVRZHFDQWHVWWKHWUDFNLQJRIWKH033E\WKHWKUHHPHWKRGV

)LJ 3URILOHLUUDGLDQFH

:HREVHUYH RQ WKHQH[W ILJXUHV WKDWERWK3	2 ,QF&RQGDQG*$VPHWKRGV WUDFN WKH39PD[LPXPSRZHU
:LWK,QF&RQGDQG3	2ZHJHWOHVVSRZHURVFLOODWLRQZLWKοܦ ൌ ͲǤͲͳ)LJDQG)LJWKDQZLWKοܦ ൌ ͲǤͲʹ
)LJ  DQG)LJ  UHVSHFWLYHO\ EXW WKH033 WUDFNHG VORZHU2Q WKH FRQWUDU\ LW LV FOHDU WKDW WKH$*VPHWKRG
WUDFNVUDSLGO\WKH033UHGFXUYHDQGVROYHVWKHSUREOHPRISRZHURVFLOODWLRQDURXQGLW

          






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
,QF&RQG
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
)LJ 39SRZHUHYROXWLRQZLWK*$VDQG,QF&RQGXVLQJοܦ ൌ ͲǤͲͳ

)LJ 39SRZHUHYROXWLRQZLWK*$VDQG,QF&RQGXVLQJοܦ ൌ ͲǤͲʹ
        
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
)LJ 39SRZHUHYROXWLRQZLWK*$VDQG3	2XVLQJοܦ ൌ ͲǤͲͳ






















)LJ 39SRZHUHYROXWLRQZLWK*$VDQG3	2XVLQJοܦ ൌ ͲǤͲʹ
&RQFOXVLRQ
7KLV SDSHU KDV SURSRVHG D *$V0337 FRQWURO PHWKRG IRU VRODU SRZHU JHQHUDWRU V\VWHPV ZKLFK WHVWHG
WKHRUHWLFDOO\ VLPXODWLRQ DQGH[SHULPHQWDOO\ ZLWKHPXODWRU DQG UHDOSDQHOV7KHSURSRVHGPHWKRGFDQJHQHUDWH
        











7LPH6
3
RZ
HU
:



3	2
$*V
        











7LPH6
3
RZ
HU
:



3	2
$*V
 Slimane Hadji et al. /  Energy Procedia  74 ( 2015 )  772 – 787 787
PRUH HQHUJ\ WKDQ WUDGLWLRQDO PHWKRGV EHFDXVH WKHVH ZLOO OHDG WR SRZHU RVFLOODWLRQV RU DSSUR[LPDWH 0337 ,Q
DGGLWLRQ WKH SURSRVHG FRQWUROOHU KDV D VWULFW VWDELOLW\ JRRG UDSLGLW\ DQG DFFXUDF\ ZKLFK DUH QRW SURYLGHG E\
FRQYHQWLRQDOWHFKQLTXHVVXFKDV3	2DQG,QF&RQG
,Q DGGLWLRQ ZLWK WKH SURSRVHG PHWKRG WKH SUREOHP RI RVFLOODWLRQV DURXQG WKH033 LV VROYHG DV ZHOO DV WKH
VHQVLWLYLW\WRQRLVHEHFDXVHLWVHDUFKHVWKHPD[LPXPDQGQRWWKHPLQLPXPOLNHPLQLPXPRISRZHUGHULYDWLRQDQG
IROORZVUDSLGO\YDU\LQJDWPRVSKHULFFRQGLWLRQV 7KHGLVDGYDQWDJHRI WKHDOJRULWKPLVXVLQJ WKH39SDQHOPRGHO
ZKLFK LV QRW D SHUIHFW LPDJH RI WKH SDQHO WKXV D VPDOO HUURU LV DGGHG WR WKH UHVXOW WKDW FDQ EH PLQLPL]HG E\
SDUDPHWHUVLGHQWLILFDWLRQRIWKH39SDQHO
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